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Abstract: Climate change, clean energy transition, the energy security quest, and international
relations have triggered the revival of renewable energy as a solution to these problems. Nowadays,
there is an energy transition where renewable energies bring geopolitical changes in a world where
fossil fuels are becoming less relevant. This article aims to assess how the transition influences
Spain’s energy relations with other countries regarding electricity and its sources, in alignment with
the European Green Deal. In order to do so, its current energy situation, the renewable energies
development and its energy import-export relations are examined. The results show that despite
progress in green regionalization through more electric interconnection, little difference is to be found
in traditional relations with fossil fuel countries exporters, but more are the contractions in Spanish
energy economic policy, as here is explained.
Keywords: geopolitics; renewable energies; energy transition; EU Green Deal; political economy
1. Introduction
This paper is based in preview researches [1,2], refocused for the case of Spain’s transi-
tion into the EU Green Deal framework [3]. In December 2018, the Intergovernmental Panel
on Climate Change (IPCC) warning about the catastrophic effects of the global temperature
rising to 1.5 ◦C acted as a wake-up call for global society [4]. Popular demonstrations
proliferated across the World, urging governments to take decisive action in order to ad-
dress climate change and adopt a new kind of political economy in energy issues [2,3]. The
European Parliament declared a climate emergency along with more than 30 countries [5].
In 2019, the European Commission led by Ursula von der Leyen announced the European
Green Deal [6], which constitutes the core strategy of the European Union (EU) to tackle cli-
mate change and ultimately achieve continental climate neutrality, thanks to an ambitious
energy transition plan and a reemergence of renewable energies (RES) use.
Spain has recently put forward an ambitious transition strategy within the EU frame-
work. The Integrated National Energy and Climate Change Plan (NECP) establishes the
following core targets for 2030: a 42% of RES in the energy final use; to ramp up the
generation of domestic renewable electricity to 74%; and increasing energy independence
by reducing hydrocarbon imports from the current 73% to 61%, saving up to 75,379 million
euros [7].
The COVID-19 pandemic and the subsequent global lockdown [8,9] have catalyzed
some recent observable trends in the energy sector. Despite pollution already being back
at its usual levels, the tangible decrease—reaching an absolute decline of 7% during
April–May [10]—sped up the decision-making process towards a low-carbon emission
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economy with a higher presence of RES. Even the EU recovery plan to rebuild post-COVID
scenario [11] with eco-boosting measures, allocates at least 25% of EU funds to fight climate
change and striving to decarbonize the energy sector [12]. In view of current developments,
one may wonder the following: Is a RES-dominated world possible? Would it entail
changes in the traditional energy suppliers? Or will the prevalence of fossil fuels render
renewable geopolitics irrelevant?
Although calculations estimate an increase of global fossil fuel consumption in the
short-medium term, some indicators point at a paradigm shift [13–15]. In a world where
fossil fuels are bound to disappear, both net consumer and exporter countries must assess
their options to safeguard their future energy supply. Spain, despite its distinct energy
situation, is foreseen as one of the greatest beneficiaries of the energy transition due to
its still untapped renewable potential and its resources optimization plan. According to
the GeGaLo Index, it will rank 38th out of 156 monitored countries based on fossil fuel
dependence and reserves, the availability of RES, governance, and potential for conflict [16].
Provided that in a 100% renewable world new conflict and cooperation patterns will have
emerged, it is an interesting exercise to observe what changes are already taking place in
the current hybrid system, moving away from fossil fuels, and to what extent Spain is
living up to its commitments to the Green Deal [3].
This article aims to provide a closer approach to the complexity of RES and their
impact in the energy transition and relations with other states. The paper explores the
measures Spain plans to implement according to the European Green Deal and other
geopolitical interests. The main hypothesis is that such an increase in RES has prompted an
energy regionalization through the expansion of electric interconnections with neighboring
countries. In view of a greater need of electricity to meet the increasing integration of RES,
we also argue that Spain could accelerate its imports from key fossil fuel providers towards
alternative partners with a lesser risk of political instability so as to guarantee energy
supply in the medium term (because Spain has a secular energy dependence). In this way,
we provide a general approach to the Spanish emergent energy landscape considering the
gradual rise in RES, with special attention to the electric sector; explain the main differences
between RES and fossil fuels that involve geopolitical shifts on a global scale; and use the
data of energy exchanges to examine the alterations in relationships with other countries.
2. Literature Review
There is no generally accepted definition of geopolitics, but as this paper focuses on
the mutual influence of geographical factors and political processes [16–18], in this sense,
geopolitics is linked to access and control of natural resources, from rivers to oil fields. With
the occurrence of the Industrial Revolution, coal emerged as the engine of the economy,
and in the mid-20th century, it became inextricably associated with the geopolitics of oil
and gas [17].
Energy geopolitics developed as a distinct discipline, understood as the way countries
influence one another through supply and demand [18]. Given the undeniable nexus
between energy security and national security, it is hardly surprising that governmental
institutions elaborated the first research projects on this field. Despite the novelty conferred
to the study of RES in recent publications, the US National Research Council already
presented a thorough investigation on RES in 1962. In it, geophysicists such as King
Hubbert from the Shell Company analyzed continuous power sources—particularly solar
energy—and their possible transformation for human use [19]. Years later, the 1973 oil
crisis and the subsequent oil price volatility encouraged the exploration of alternative
sources to mitigate the energy dependence and its political consequences, exemplified by a
NASA project to develop wind turbines.
In 2002, the International Energy Agency defined renewable energies as ‘those derived
from natural processes that are replenished constantly’ [20]. These include electricity and heat
generated from solar, wind, hydropower, and geothermal resources. Germany and the
Benelux countries championed the use of the former two during the first decade of 2000,
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which fostered an in-depth study of their geopolitical implications, prompting several
debates on the topic.
In their first approach, many authors extrapolated the dynamics of conventional
energies to the geopolitics of renewable energies by replacing dependence on fossil fuels
as a source of conflict with that of rare-earth elements, critical for the development of
infrastructure [21]. Conversely, other authors claim that the inexhaustible and decentralized
nature of RES a priori would lead to more peaceful geopolitical interactions, as they may
be exploited by more countries, eventually resulting in a more equitable world [22].
International bodies, noteworthy examples being the IEA or the International Re-
newable Energy Agency (IRENA), have developed multiple energy and scenario models.
However, some authors warn against the inaccuracy of such predictions, which tend to be
more modest than the actual changes taking place [23].
Although there is widespread consensus about the fact that a world running on RES
would be less prone to conflict than the present status quo, this has resulted in an inclination
to think of them as clean energies also in geopolitical terms [24]. However, we are in a
new cycle where we still rely on the main commodity from the last century. Recent works
advise that the overlap between two different energy regimes will mitigate vulnerabilities
on one side while engendering tensions on the other [25].
The transition towards RES will cause a geopolitical and strategic rearrangement that
will result in winners and losers. Generally, the consensus about a negative impact of the
decline of fossil fuels on petrostates is unanimous [26]; Algeria, Libya, Russia or Egypt,
are among the countries deemed to be most vulnerable due to their high exposure to the
energy transition [27], which will force them to adapt to the new reality or else, to risk
losing their geopolitical significance.
Opinions differ significantly regarding winners. While some assume that net importers
will be at an advantage since hydrocarbon sales revenues do not subsidize their economy,
Stegen [28] asserts that only those with a high autonomy and export capacity on top of
potential renewable energy will take the lead.
In contrast to this background, it becomes evident that a systematic analysis of the
energy transition is problematical to say the least. Therefore, in this article, we combine
Scholten and Bosman’s systemic model (which reflects the changes derived from a greater
presence of RES) with the theoretical insights from the decline of fossil fuels and its effects
on exporter countries. To this end, a brief overview of the differences between conventional
energy and RES will be provided.
2.1. Differences with Conventional Energies and Their Geopolitical Implications
As mentioned earlier in the introduction, RES features conflict and cooperation pat-
terns that differ from the existing ones. Unlike fossil fuels (limited and highly concentrated),
free, inexhaustible, and geographically distributed energy sources enable their simultane-
ous exploitation by multiple countries, reducing their energy vulnerability. Since access is
not restricted to a handful of states, it reduces the possibility of energy weaponization for
political purposes [29].
There are nonetheless some drawbacks. Their low energy density requires the occupa-
tion of vast field extensions to install power plants in a profitable way. While fossil fuel
plants depend on a steady supply but yield a stable production, non-manageable renew-
able energy systems—namely wind and solar energy—present a high risk of intermittency.
Consequently, a higher total installed power is needed in order to meet the demand during
low-availability periods. Likewise, the pursuit of energy independence based on RES to
ensure the security of supply not only comes across as utopian in the short term but also
as counterproductive. The so-called ‘renewable rentierism’—which maximizes exports and
disincentivizes imports as the latter are considered to defeat the ultimate independence
goal- would undermine much-needed cooperation in a sector where storage difficulties and
output variability calls for the establishment of interconnections for the surplus exchange
with other countries [24].
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Yet the fundamental difference is whereas countries have competed to control oil and
gas sources, when it comes to RES it is desirable to belong to a network. Paradoxically,
energy security increases when the source is available for all countries, and load shedding
is prevented, transforming dependence into interdependence [30].
It would be logical therefore, that said network is integrated by similar countries that
share energy vulnerability. In this regard, the energy loss suffered during transport would
limit its exchange to a regional scenario at the expense of trading agreements with far-flung
countries. Such a continental scenario requires a governance model over a competitive one,
as strategic behaviors come at a high cost [31]. Despite what may occur with oil and gas (O
& G), a country that aims to blackmail another one by depriving it of energy supply would
only fail to recover its initial investments, as current difficulties in storage capacity and
the lack of alternative grids would lead to wasted potential energy. In addition, another
participant in the grid while revealing the other country as an unreliable partner could
easily supply the targeted country. The interdependence elaborated by Nye and Keohane’s
liberalism theory dissuades from adopting this type of strategic behavior. Thus, we assume
that energy security increases with a greater exchange between countries. Therefore, the
loss of power of traditional fossil fuel suppliers that the distinction between the consumer
and the net exporter will begin to blur [18].
The model assumes that the geographical and technical characteristics of energy
systems largely shape their interstate energy relations, in line with the most classical notion
of geopolitics. In the case of RES, the sources are the most ‘geographical’ aspect, given that
their location and nature remain unchanged over time. As for their exploitation, nowadays
the capital investment is conversely proportional to the learning curve of technology. As a
result, the initial costs are increasingly lowered to the point that they are already the most
competitive efficiency wise, ahead of fossil and nuclear energy [32].
Furthermore, in RES the marginal cost of producing one more unit of a product tends
to zero. Despite the relatively high initial capital investment, the cost of operations is negli-
gible since once the power plant is installed the system works driven by the energy source
throughout its life, without the need for relocation in search of more deposits [24]. Likewise,
although intermittence increases volatility, its price is not linked to other commodities such
as oil and gas, and thus it may be more predictable.
Regarding energy distribution, electrical networks and interconnections gain promi-
nence as power plants must be close to the primary source and connect production centers
with those of consumption. Fossil fuels require either oil or gas pipelines, which necessitate
a large investment of time and capital, with a fixed layout, or oil tankers, whose routes are
easier to redirect but are exposed to bottlenecks [33]. On the other hand, the transport of
RES is limited and requires greater integration into the electrical system, and despite their
apparent immobility, they allow exchange with other countries through high-voltage direct
current connections (HVDC)—which are easier to install—or interconnections.
Hence, the technical and geographic aspects of RES condition the structure of the
electricity markets and their relationship with those countries that are sufficiently intercon-
nected. Unlike the oil and gas market, where the World supply is characterized by being
in the hands of oligopolies, RES increases competition from national and international
operators. The fact that electricity can be imported from nearby countries compels compa-
nies to present more appealing offers [34]. At this point, the interconnection capacity with
other electrical systems becomes paramount. This arrangement allows a greater amount of
renewable energy to be exported to countries with higher prices. Likewise, it reverses the
flow when the lack of readily available RES forces importing energy from other countries
with different atmospheric conditions, exchanging electricity on a seasonal basis [35]. Thus,
market integration is correlated with electricity exchanges, interconnections, and lines,
which leads to a geopolitical evolution of unidirectional supply of oil and gas pipelines to
networked communities [12].
Therefore, the boost of electricity implies a greater interaction at local and regional
level to the detriment of exchanges with more remote countries. The integration of elec-
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tricity networks with neighboring countries will therefore lead to the emergence of new
energy interdependencies and trading partners.
2.2. The Decline of Fossil Fuel Exporters
Consequently, the transition would set aside the geopolitics of fossil fuels, placing
gas, coal, and oil-exporting countries in a delicate position due to their scarce economic
diversification. A specialization in oil and gas exports hinders the mitigation of dwindling
revenues from such resources because these countries are not equally developed in other
areas of trade, and it can lead to economic strain when fossil fuels are no longer profitable.
This so-called rentier strategy ceases to be effective from the moment that export revenues
do not cover public spending, causing economic erosion and political instability at the
domestic level. The lack of income can be a threat multiplier resulting in civilian conflict
or massive migration. In this sense, the Middle East and North Africa (MENA), they are
deemed to be particularly exposed due to their high dependence on fossil fuels, heightened
by their fragile state condition, as epitomized by the Arab Springs of 2011.
2.3. Other Controversial Issues and Future Lines of Research
There are other main geopolitical issues concerning a high penetration of renewables,
like ‘access to critical materials’ and ‘cybersecurity’ [21]. The access to critical materials
is important for PV (such as tellurium, indium, silver etc.), wind (rare earth materials for
magnets), and storage solution (e.g., lithium) and geopolitical concerns will likely focus
on securing these materials. Another important issue is cybersecurity, sharing sensitive
information and designing storage operations. The access to relevant resources is discussed
in the community in the context of the energy-water-food nexus, and the energy types
are categorized along land and water footprints. There are more topics related with the
performance of RES in Spain according to the European Green Deal [3], but it will be object
of other papers and future lines of research.
3. Materials and Methods
This article analyses the evolution of the Spanish energy landscape, with a higher
presence of RES and its impact on interstate relations. To this end, we observe two
paramount aspects in the transition from a hydrocarbon-based energy cycle towards
one based on RES: first, the relation with neighboring countries that already have direct
interconnectors with Spain, in line with a more electrified economy; second, with Spain’s
main oil & gas providers, which constitute the bulk of the domestic energy mix. It must be
highlighted that most of the final uses of oil are divided between the transport sector and
oil products, two sectors that are difficult to replace by renewable energies at present. Other
uses, such as heating (less common in Spain) and cooling, they are supplied by electricity
derived from combined cycles and cogeneration, where the most widely used primary
source is natural gas. The timeframe will cover the period following the Paris Agreement,
as it is a binding agreement for emission reduction that provided the basis for the Green
Deal, and inevitably involves the restriction of fossil fuels’ consumption. Information has
been gathered from global (AIE, BP) and national (Repsol, APPA, IDAE) energy yearbooks,
annual statistics (REE), monographic works, as well as the 2015 National Energy Security
Strategy and the 2017 ESN and Statistics from CORES and Red Eléctrica de España (REE).
Although climate change and RES are closely intertwined, the former exceeds the
scope of this research and it is thus excluded. Other more technical aspects related to
efficiency or energy intensity, infrastructure, or technology are not covered since a more
strategic overview is sought in this paper.
The study has been divided into several sections for which the information collected
ranges from 2015—the year in which the Paris Agreement was signed—to 2019, as this is
the last year for which complete information is readily available. The year 2020 has been
left out intentionally since it would distort the trends. For the Spanish energy background,
energy dependence and electrical and gas interconnections are examined; Secondly, the
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development of RES in power generation and installed power plants, exports, and the
electricity balance; Thirdly, a double section showing those countries whose exports of
oil and gas to Spain have been over 5% in the last 5 years to observe their variation and
contrast it with their associated degree of political instability, following a model on political
instability per countries from the Chatham House.
Although there is data on exported renewable electricity—which will be explained in
the next section—It must be noted that these exports are not generated by 100% renewable
energy sources. This value rather indicates that an identical volume of RES to that exported
has been generated due to the fact that it is impossible to determine its origin once it has
been transformed into electricity and the unfeasibility of building specific transmission
lines for each type of energy.
To facilitate understanding of trade variations, import and export volumes are ex-
pressed as percentages of the total for the year in question, since expressing the variation
in the nominal volume of imports would be misleading as it would not consider the
alterations in total fuel demand within a year.
4. Results
4.1. Energy Profile of Spain
The National Energy Security Strategy of 2015 describes the Spanish energy landscape
as unique, and such distinction has several dimensions. Spain is a net consumer with a
high energy dependence—which regardless of the decline from its historical maximum of
81.3% in 2008 to 73.4% in 10 years—is still much higher than the European average, which
currently stands at 54% [7]. Notwithstanding the obvious disadvantage that this entails,
the high diversification of its energy mix both in terms of source and country of origin adds
resilience to the system and reduces the risk of vulnerability to sudden changes in supply.
Beyond that, it remains an energy island. The Spanish electrical system partially
meshes with the Portuguese grid (forming the so-called MIBEL Iberian electrical system);
with Morocco, extending to Algeria and Tunisia; and with France, which in turn is linked
with the Central European and Nordic electric rings. Currently, the Spanish market shares
11 electrical interconnection lines with Portugal, eight with France, and two with Morocco
which became operational in 1997 and 2006 respectively, interconnecting Spain and North
Africa. These are shown below in Figure 1.
Although practically integrated with the Portuguese electricity market, this only
constitutes an interconnection ratio of 2.8% for Spain with the rest of the EU [36]. According
to Entso-e the Franco-Spanish border is one of the greatest congestion points within the pan-
European electricity system. The few electrical interconnections limit Spain’s integration
into the Union’s single energy market, hindering its transition, although substantial efforts
have recently been made to mitigate this vulnerability by building an interconnection with
France in 2015, the first since 1982.
Regarding natural gas, Spain has six interconnections: in Navarre and Irun with the
French electrical system; in Tui and Badajoz with the Portuguese system; and with its
major gas supplier in North Africa, Algeria, through a gas pipeline linking Tarifa through
Morocco (the Maghreb gas pipeline) and another one with Almeria through Medgaz. These
latter interconnections, paired with its location and its regasification capacity, made a
solid candidate out of Spain to become the next EU gas hub, as it can receive LNG from
both the Gulf of Guinea and Latin America and has seven of the 23 regasification plants
in the EU [37]. The PNIEC favors the use of LNG as “in the case of the gas system, it is
considered a priority to optimize the use of the already existing interconnection capacity to facilitate
access to other gas sources and advance towards the convergence of prices, before undertaking new
infrastructures” [7].
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4.2. The Challenge of the EU
Already in 2002, the European Council stipulated in Barcelona that Member States
should reach a threshold of 10% interconnection—i.e., import capacity vs. in talled gen-
er tion p wer—be ween MS to meet the growing volume of renewable electricity and
enhance i s stability. After 2004, the Ibe ian block was reinforced considerably thanks to
the developm nt of progra s to build new generati g plants.
According to the Energy Union (2015), EU policy aims inter alia to ensure a competitive
and viable market and an increas gly synchronous twork. In December 2018, the target
fo i terconne tions b tween European electrici y systems was raised to 15%, as well as
32% increase of RES in total consumption by 2030 [38]. The new co nections would not
only make it possible to offer low r prices to consumers and help et electricity demand
in national markets but w uld lso facilita e the supply of renewable electricity o other
states. Moreover, the promotion of int rcon ctions contri utes to increasing the RES
electricity consumption by encouraging the developm nt of RES in peripheral c untries
to meet long-term decarbonization objectives [39]. In this sense, the EU has pro oted the
Emissions Trading System (ETS) to limit CO2 emissions through financial penalties for
companies that fail to comply.
The EU devises cross-border infrastructure plans to unite energy systems between
Member States (Figure 2). These Projects of Common Interest (PCI) aim to advance the
achievement of the internal energy market and the decarbonisation of the economy in accor-
dance with the commitments made in the Paris Agreement. In the fourth PCI list published
in November 2019, four interconnections—three with France and one with Portugal—were
listed as part of the North-South Priority Electricity Corridor (NSI West Electricity):
• The ‘Bay of Biscay’ project, which connects the Basque Country with Aquitaine
(France) with an investment of 570 million euros. This 370 km submarine cable
would increase the exchange capacity from 2800 to 5000 MW until achieving a 5%
interconnection, and its commissioning is planned for 2026–2027.
• The Central Pyrenees Project, comprising two new interconnections: Aragon-Atlantic
Pyrenees, and Navarre-Landes. In total, it would represent an increase in interconnec-
tion capacity of 8000 MW for 2029–2030.
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• Interconnection between the North of Spain and Portugal connecting Galicia with the
Portuguese region of Minho. The additional 400 kV attained through a conventional
aerial interconnection would achieve the complete integration of the Iberian market,
but also the penetration of RES by increasing the exchange capacity to 3.2 GW.
• Other projects that have been rejected included gas interconnections with North-
ern Africa.
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As for the electrical interconnections with Morocco, those remain the only links
between the EU and North Africa to date (new PCI include plans for a submarine cable
between Sicily and Tunisia, to be commissioned by 2022), and it allows the flow between
Algeria, Tunisia, Morocco, and Spain. In February 2019, a memorandum was signed by
a third electric cable to be installed and become operational before 2026. The MoU was
activated in last June, although Ceuta and Melilla, located on the African continent, are
excluded from these interconnection plans.
4.3. RES Development
Traditionally, at a global scale, coal and natural gas -and to a lesser extent nuclear
energy- have been predominantly used for electricity generation. As observed in Table 1,
the installed renewable power has gradually increased until it eventually outweighed
non-renewable power for the first time in 2019:
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Table 1. National installed power per energy type in MW.
Energy Type 2016 2017 2018 2019
Combined cycle 26,670 26,670 26,284 26,284
Coal 10,004 10,004 10,030 9683
Nuclear 7573 7117 7117 7117
Non-renewable thermal/co-generation 5966 5802 5728 5678
Pure pumping 3329 3329 3329 3329
Fuel + Gas 2490 2490 2490 2447
Non-renewable waste 496 496 490 490
Total non-renewable 56,528 55,908 55,468 55,028
Wind 23,001 23,082 23,545 25,847
Conventional and mixed hydropower 17,030 17,028 17,046 17,085
Photovoltaic solar energy 4683 4685 4712 8913
Thermal solar energy 2304 2304 2304 2304
Renewable thermal energy/other renewables 870 872 877 1078
Renewable waste 160 160 160 160
Hydroelectric 11 11 11 11
Total renewable energy 48,059 48,142 48,655 55,398
Total 104,588 104,051 104,124 110,427
Source. Own elaboration from REE data [41].
A total amount of 6743 MW of green energy has been added, rising 13% from the
previous year, exceeding for the first time the threshold of half of the electrical installed
power, 50.1%. This surge was mainly due to a greater activity of wind power (2254 MW)
and photovoltaic solar power (4201 MW). These sources are growing the most and at the
fastest rate respectively, the latter experiencing a 63% rise in newly installed power. In
contrast, the non-renewable power plants have either come to a halt (nuclear, combined
cycle, and non-renewable waste) or have decreased (coal, fuel and gas, and cogeneration).
Despite all this, the combined cycle continues to possess the greatest installed capacity,
with 26,284 MW.
However, in the case of electricity generation, non-renewable energy sources are
significantly superior to renewable ones, as observed in Table 2:
Nuclear energy (21.4%) the combined cycle (21.2%), and to a lesser extent, cogeneration
(11.4%), constitute the bulk of non-renewable generation, as opposed to wind (20.8%) and
hydro energy (9.5%), highly conditioned by rainfall. Far behind is solar energy, which
barely amounts to 5.5%, and is growing at a slow pace. The fuel most used to produce
electricity in Spain in 2019 has therefore been natural gas (combined cycle and cogeneration
technologies; 33% altogether), followed by nuclear energy. What can be observed is a
total collapse in the use of coal in electricity generation on a national scale. As for what
percentage of renewable generation has been destined for export, we obtain the information
from Figure 3:
Exports of renewable electricity—Certified through Guarantee of Origin (GOs)—,
they have suffered a decrease compared to 2018, largely due to insufficient rainfall which
has reduced hydraulic electricity generation. Nonetheless, there has been a considerable
increase since 2017, when the amount of certified energy almost tripled (Figure 4).
As for the amount of renewable electricity for export, according to the IEA, it is the
third-largest exporter in RES, representing 23% of production in 2019 (UNEF). The vast
majority was destined for Norway in 2019 (25,900 GWh), well ahead of France (1200 GWh),
Portugal (700 GWh), and Germany (500 GWh). Figure 5 shows the electricity exchange,
which has recorded an import balance for the fourth consecutive year:
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Table 2. Percentage of renewable and non-renewable generation in Spain (%).
Energy Type 2015 2016 2017 2018 2019
Nuclear 20.4 21.4 21.2 20.4 21.4
Combined cycle 10.9 11.1 14.1 11.5 21.2
Co-generation 9.4 9.9 10.8 11.1 11.4
Coal 19.7 14.3 17.2 14.3 4.9
Fuel + Gas 2.4 2.6 2.7 2.6 2.2
Non-renewable waste 0.9 1.0 1.0 0.9 0.9
Turbine 1.1 1.2 0.9 0.8 0.6
Total renewables 64.8 61.4 67.7 61.6 62.5
Wind 18.0 18.2 18.3 19.0 20.8
Hydropower 10.6 13.8 7.0 13.1 9.5
Photovoltaic solar 3.1 3.0 3.2 3.0 3.5
Thermal solar 1.9 1.9 2.0 1.7 2.0
Other renewables 1.3 1.3 1.3 1.4 1.4
Renewable waste 0.3 0.3 0.3 0.3 0.3
Total non-renewable 35.2 38.6 32.2 38.4 37.5
Source. Own elaboration from REE data [41].
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In 2019 there is a decrease in the net import balance compared to 2018. Since 2015,
the last year in which Spain registered a net export balance, it has significantly increased
its dependence on imports from France and moderately from Portugal, the two countries
with which the bulk of electricity exchange takes place. France remains a net importing
country with 9697 MW. However, last year there were two significant changes in the
trend: exchanges with Portugal led to an export balance for the first time in four years
(− ), while Morocco exported for Spain for the first time n its history with 773 MW.
4.4. Oil Imports
While oil demand in 2019 contracted by 2% over the previous year, there has been a 2%
increase since 2015. As seen in Table 3, Nigeria, Mexico, and Saudi Arabia maintain stable
growth, accounting for between 12% and 17% of oil demand in 2019, slightly increasing
their percentages since 2015. Specifically, Saudi Arabia experiences a sharper variation
from 2015 than Nigeria and Mexico.
Table 3. Percentage of crude oil imports in relation to the total in selected countries (2015–2019).
Imports (%) Angola Libya Nigeria Mexico Saudi Arabia Iraq Iran Russia Total(Million Tons)
2015 8.98 2.48 16.59 13.51 10.53 5.89 0 6.18 64,726
2016 4.66 4.21 12.64 14.39 10.27 8.09 3.92 7.91 64,171
2017 3.91 8.29 14.37 14.69 9.67 6.15 6.65 3.39 65,958
2018 3.98 10.52 15.19 13.88 11.09 6.92 7.24 1.51 67,586
2019 3.23 12.83 16.89 14.22 12.44 7.94 0 2.40 66,303
Variation
(2015–2019) −5.8% 10.4% 0.3% 0.7% 2% 2% N/A −3.8% 2%
Source. Own elaboration from CORES data [44].
Libya on the other hand is experiencing an extraordinary increase (10.4%) from 2.5%
to almost 13% in just 5 years. As for the countries that have noted a significant and gradual
decline in demand for crude oil, these are Angola (−5.8%) and Russia (−3.8%), which will
represent barely 3.23% and 2.4% of exports, respectively, in 2019.
By geographical area, Africa—specifically Libya and Nigeria—is positioned as the
main importing continent, accumulating 38% of total imports over all these years. There is
also an increase in Latin American imports, which have risen from 10% to 25%. Mexico has
become a stable importer to the detriment of Europe and the Middle East, largely due to
Energies 2021, 14, 2535 12 of 18
the interruption Iranian imports at present, given that despite having contributed to the
supply of crude oil for 3 years, it returned to 0% after a sharp decline in 2019.
4.5. Natural Gas Imports
Natural gas is one of the cleanest sources of combustion, emitting half the CO2 of coal
and 30% less than oil, and it is the ideal source of support in achieving the energy transition,
in line with the commitments made at the international level. Besides the gradual increase
of gas imports of 15% in the last 5 years, it must be noted that, for the first time, liquefied
natural gas imports exceeds those of natural gas, as shown in Table 4:












LNG NG LNG LNG LNG NG LNG NG LNG LNG LNG (%) NG
2015
59.70




11.56 48.15 2.19 6.63 41.72 58.28
2016
56.83




9.19 47.63 2.38 8.17 42.05 57.95
2017
48.30




6.88 41.42 2.57 7.33 47.25 52.75
2018
51.34




4.30 47.03 1.68 7.47 42.67 57.33
2019
33.08




2.89 30.20 1.76 4.75 57.58 42.42
Variation
(15/19) −26.6% −0.4% N/A 4% 3.5% −2.3% N/A 2.3% 15%
NG: Natural Gas. LNG: Liquefied Natural Gas. Source. Own elaboration from CORES data [44].
Algeria continues to be the main exporter of total natural gas with 33.08% in 2019,
although it has suffered a significant drop of 26% in the volume of imports since 2015 when
it accounted for almost 60% of total imports. Other countries experience more moderate
variations, with a greater presence of American countries: while Trinidad and Tobago
slightly increased its LNG contribution, the United States emerged in 2017 to supply 11%
of LNG demand. Nigeria remains stable at 11.5%, and Qatar, which consolidates itself as
the main LNG exporter, slightly above Nigeria. Finally, in line with the trend in the United
States, Russia should be mentioned, as it almost tripled its contribution from 2018 to 2019
(8.5% of total gas imports).
4.6. (In)Stability of Exporting Countries
The capacity of the abovementioned countries to face the future decline of the fossil
fuel market is linked to their political instability. Such relationship is shown in Figure 6,
with the positive value being more unstable than the negative value (values have been
multiplied by −100 to facilitate interpretation of the relationship with exports):
In this figure, the correlations between the total fossil fuels exports and political
instability evince mixed results. It is clear that Libya (95%), and Iraq (100%), two of the
most fossil fuel-dependent economies, present extreme political instability, far above the
rest of the countries, except for Nigeria, where this percentage is 94%. In general, the
OPEC countries from which Spain has recently imported oil—Angola, Saudi Arabia, Libya,
Iraq, Nigeria—show greater instability than the others, although in the first two this is less
noticeable. In contrast, countries whose percentage of hydrocarbons is lower in exports
tend to have greater political stability in relative terms (France, Mexico, United States,
Trinidad and Tobago). Norway, and especially Qatar, stand out as atypical examples
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of political stability, despite having a significant percentage of fossil exports, 56%, and
89%, respectively.
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5. Discussion
Spain presents a vast potential for the development of RE. Previous incoherent taxation
policies regarding renewable energies in the wake of the 2008 financial crisis discouraged
investments in solar power. However, ER’s installed power has continued to grow since
2015 against the halt or dismantling of conventional energy generation facilities, to the
extent of doubling renewable installed power over Spain’s maximum demand. However,
the percentage of installed solar power contrasts with its untapped potential, especially
in the low populated inland areas, and the southern part of the country (in cities such
as Huelva and Almería) that receive more than 3000 sunlight hours a day. Wind power
is consolidating as the main environmentally friendly energy source, and putting Spain
at the forefront of the world’s wind power generation capacity with 26 GW. While this
has translated into a modest growth in renewable production, gas-dependent systems—
namely combined cycles—and nuclear energy continue to dominate electricity production
as they are highly reliable backup sources and can easily replace coal. Hence, the steep
decline in the use of coal experienced in 2018 and 2019 must be underscored, although the
cl sure of the very last coal min s in December 2019 had already bee stipulate in the
Council Decision 787/2010 regarding state financial aid for uncompetitive coal mines. In
addition, seven out of fourteen coal-fired power stations shut down in mid-2020 as the
taxes on coal emissions no longer render the exploitation of said fuel cost-efficient. In this
respect, the Spanish diligence on working towards achieving an eventual coal phase-out
in a near-future (as in other countries, no specific date has been set to stop using energy
derived from coal) contrasts with the fierce resistance from other coal-intensive countries
such as Poland, the Czech Republic, or Germany, to a lesser extent.
When it comes to electricity, the data is inconclusive. Although there seems to be a
correlation between the increase in the number of renewable electricity generators and the
increase in the capacity for cross-border exchange, it should also be pointed out that most
of the newly installed capacity pertains to the combined cycle, and despite the substantial
investments in solar power, these have not yielded significant results yet. In addition,
we can infer from the data related to the GOs that Spanish RES has not awakened much
interest in the neighboring Member States. These already have access to cheap, low-carbon
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energy, because the renewable generating park is quite competitive in the case of Portugal
and France still relies on nuclear power.
While the objective of a greater RES penetration should not be to bet on exports at
all costs, it is logically intended to reduce imports to more reasonable levels, which is not
happening at this stage. Despite the renewable potential, especially regarding solar power,
Spain remains a net importer of electricity, and this is largely due to its high prices in
relation to adjacent countries.
Regarding electricity interconnections, it is worth elaborating on Morocco’s case. Spain
seems to have overcome the misgivings that perceived it as a threat to the development of
indigenous RES due to the need to integrate them and the inability to import to the rest
of Europe because of insufficient interconnections [12]. Morocco has devised a renewable
energy plan, although at a slower rate than its energy needs. The latest Moroccan export
balance is an anomaly in a country whose net balance has historically been an importer and
forced Spain to increase the volume of exports to meet its growing demand. Although the
data is not transparent as it is not feasible to find out the origin of such electric energy, the
change in the energy balance with Morocco in the last year suggests that certain companies
have taken advantage of its neighbor status outside the EU to import cheap energy from a
recently inaugurated coal-fired power plant in Sufi, just 600 km southwards from Spain.
Since such electricity is not subject to the Emissions Trading System, this allows energy
to be imported at a much lower price than if it were generated in Spain; this dissociation
between energy activity and the goals of decarbonization betrays the Deal’s green oath
(“Do no harm”). Even if it does not negatively affect a greater exchange of electricity, it is
thus self-defeating in the path towards a 100% renewable system.
In general, the projects presented to build up to four interconnections clearly point
towards an electric regionalization, although this is occurring slowly. A key geopolitical
ramification regarding interconnections is the geopolitical situation of Ceuta and Melilla.
Despite the fluid economic and political relations between the two countries, the historical
claims on both Spanish autonomous cities make them less vulnerable if they are decoupled
from the Moroccan network, which on the other hand undermines the guarantee of supply.
This comes in stark contrast with the assumption that a greater grid interconnection would
minimize strategic behavior, since the risk of retaliation by other grid members is greater
than the benefit, and there is no assurance that the country involved will not subtly threaten
this by claiming supply system failures.
As for Spain’s preference in fossil fuel supply countries, in light of the variations in
imports by country, it is difficult to assert that there has been a shift towards producers
with greater political stability since the signing of the Paris Agreement. The assumption
was that the political instability of key producers would divert the fossil fuel demand to
other countries anticipating a future exacerbation of the situation, as they would no longer
receive sufficient fossil fuel revenues. However, out of the 12 producer countries covered
in the study, only four have an acceptable index of political stability: France, Norway,
the United States, and Qatar. Except for Saudi Arabia and Nigeria, the rest of the OPEC
members show higher rates of instability and tend to be associated with little room to
maneuver during prices surges, yet this has not resulted in reduced imports. In fact, in the
case of Libya, although supply was disrupted in 2011 during the Arab Spring, it has been
the country that has grown the most in the percentage of imports despite the unfolding of
the civil war. The fact that Spain does not rely on a single country for more than 30% of
its total imports makes diversification the finest mechanism for mitigating the potential
vulnerability resulting from the greater political instability of a particular exporter.
However, some of these countries that show stability despite their high dependence
on hydrocarbons are anticipating the impact of their future decline and are preparing for
it. For instance, Saudi Arabia, foreseeing the risks of the renewable transition, began to
diversify its economy through the Vision 2030 Plan while introducing RES at the domestic
level and privatizing sectors such as transport or health, or the flotation of Aramco in order
to mitigate the impact. In the case of Norway, it is more than likely that in the future its
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income from the sale of hydrocarbons will drop significantly; however, having kept oil
income separate from domestic consumption to avoid precisely the Dutch disease.
The case of Iran is unique, given that imports were brought to a halt due to disputes
with the United States under threat of economic sanctions. Therefore, no substantial
changes can be observed as a result of the level of their domestic political instability, at
least with respect to oil exporters. Ratios are a historical milestone given that it is generally
cheaper to transport the hydrocarbon through already installed pipelines than through
ships from more distant locations. Export patterns point to greater dependence of the
Americas on Africa. The entry of countries such as the United States into the sources of
supply to Spain with shale gas, which is cheaper than Algerian gas, and the transport of
LNG is more flexible.
The sharp downturn in imports from Algeria could also be attributed to political
instability, legislative paralysis following Bouteflika’s withdrawal, and the inability of the
new government to quell the protests, shrinking the demands to levels of 2010, this is,
down to 33%. In addition to these recent geopolitical uncertainties, extraction costs in the
Eastern Mediterranean are much higher than in Russia or the United States. Nonetheless,
in 2020 we witnessed how Naturgy struck a deal with Sonatrach to review their contract.
At first, such an agreement may seem mutually beneficial by achieving more affordable
prices for Spanish consumers and ensuring business continuity for Algerian gas for the
next 10 years with its third main importer. Yet this rapprochement with the Algerian giant
gas supplier may cause a rift with Morocco due to their long-standing regional rivalry,
and the latter could attempt to coerce Spain through other means, such as border control,
notably turning a blind eye to the reactivation of immigration routes to the Canary Islands,
or further pressuring Ceuta and Melilla.
Likewise, the abandonment of the European gas projects with which it was intended
to improve the interconnection with Algeria and France weakens Spain’s position as a
hypothetical energy hub by limiting itself to the already existing interconnections. The price
of Russian shale gas proves to be more appealing to other MS eventually self-defeating the
EU objective of diversifying energy resources away from Russia, which no longer seems
to be a concern [45–47]. On the other hand, the solvent regasification capacity of Spain
presents the import of LNG as an opportunity to exploit this excess capacity.
6. Conclusions
As stated at the beginning of this article, the geopolitics of energy transition is a
complex issue, given that the characteristics of a purely renewable system intertwine with
those of traditional fuels.
Despite the recent revival of Spanish RES through the significant boost in installed
power, such effort has resulted in a moderate increase in renewable electricity generation,
especially due to the variability in raining patterns. However, Spain’s thriving wind energy
sector is steadily contributing to a greater generation aligned with its National Integrated
Plan, yet it is still lagging in the installation of solar power plants.
Regarding electricity trade, the associated agreements for the increase of exchange
capacity through the construction of new interconnections with Morocco, France, and
Portugal favor the regionalization of energy, in line with the EU goals, although efforts to
foster regional cooperation have been informally abandoned after the unsuccessful projects
of Euro-Mediterranean.
For a more effective integration of RES into the electricity system, there is a commit-
ment to increase the capacity of electricity interconnections, in opposition to gas ones, at
the EU level. That suggests the commitment to move towards more renewable economies
is being fulfilled. Although Spain will continue to embrace natural gas in the short to
medium term. However, this can only be an excuse to strengthen exchanges, since electrical
interconnections are a double-edged sword by allowing the import of cheap electricity that
does not necessarily come from renewable energy when other conventional backup sources
are used (gas, coal, or nuclear).
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With regard to the second question, although there have been variations in the main
suppliers of fossil fuels, it has not been possible to prove the relationship between greater
instability and lower consumption from these countries, since it does not yet seem to have
an effect on Spain’s strategic decisions. In fact, the increase in imports with Libya and
the maintenance of imports with the bulk of the OPEC countries is proof of this. It is
generally difficult to observe significant changes in Spain’s hydrocarbon trade patterns
caused by greater political instability in these countries in the short term. The consolidation
of Qatar as the main exporter of LNG and the entry of the United States also marks the
trend whereby LNG is becoming more important to the detriment of natural gas obtained
through pipelines.
Nonetheless, the recent renovation of the agreement regarding Algerian gas may
have far-reaching political consequences in the region by straining relations with Morocco
or hindering the Algerian transition towards a greener economy. At the same time, the
divergence between Spain’s suppliers and those of the rest of the EU will lead to divergence
in the perception of priorities. The imposition of border carbon tariffs to extend the
greener wave to the EU neighborhood may put a strain in Spanish imports, while being
aware of the necessity to manage possible instability in the Mediterranean region. It
would thus be desirable to ensure that adequate steps are taken within the Green Deal
throughout the duration of such a contract to foster the adoption of diversification measures
in order to reduce the negative impact of decreasing oil revenues, coordinating with other
main importers.
To date, we may say that is not the development of RES per se which is leading the
energy transition, but rather the carbon tariff system. While the influence of the transition
on the regionalization of electricity is more evident, it seems that the changes with respect
to fossil fuels will be slow despite the bar set by the Commission. It will be necessary to
wait for a reasonable time to observe how these commitments materialize in a way that
responds to a decrease in hydrocarbon imports.
It should also be noted that other factors may lead to diverging energy scenarios such
as rapid innovation in storage that would enable countries to accumulate their energy or
the climate strategy devised by the newly elected US President Joe Biden. Despite the
progress being made in the integration of RE, the challenges arising will largely remain
quite similar to those of traditional geopolitics.
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